Aims. In order to gain new insight into the unidentified identity of the diffuse interstellar band (DIB) carriers, this paper describes research into possible links between the shape of the interstellar extinction curve (including the 2175 Å bump and far-UV rise), the presence or absence of DIBs, and physical and chemical conditions of the diffuse interstellar medium (gas and dust) in the Small Magellanic Cloud (SMC). Methods. We searched for DIB absorption features in VLT/UVES spectra of early-type stars in the SMC whose reddened lines-ofsight probe the diffuse interstellar medium of the SMC. Apparent column density profiles of interstellar atomic species (Na i, K i, Ca ii and Ti ii) are constructed to provide information on the distribution and conditions of the interstellar gas.
Introduction
Recent observations of diffuse interstellar bands (DIBs) in Galactic and extra-galactic environments have provided new insight into the conditions that determine their presence in the interstellar media of different types of galaxies. DIBs have been observed in spectra probing the dust-containing diffuse interstellar medium throughout the Galaxy and have been reported Based on observations collected with VLT/UVES at the European Southern Observatory, Paranal, Chile (ESO programs 67.C-0281 and 71.C-0679).
Tables 7-9 and Fig. 8 are only available in electronic form at http://www.aanda.org in extragalactic systems as well (e.g. Rich 1987; Vladilo et al. 1987; Morgan 1987; D'Odorico et al. 1989; Heckman & Lehnert 2000; Junkkarinen et al. 2004; Sollerman et al. 2005; Cox et al. 2006; Welty et al. 2006; York et al. 2006) . The SMC, an irregular (disrupted) dwarf galaxy, offers a unique laboratory where the conditions of the interstellar medium are profoundly different from those in the Galaxy as well as markedly from the Large Magellanic Cloud. For example, it has an average metallicity one tenth that of the Milky Way (Dufour 1984) , and the average gas-to-dust ratio is about 10 times larger (e.g. Fitzpatrick 1985; Gordon et al. 2003; Cartledge et al. 2005) . These differences have a direct influence on the chemistry and physical conditions of the interstellar gas and dust (e.g. Sofia et al. 2006;  (Table 1) are plotted as black and white circles on two maps of the SMC at different wavelengths. The top map shows Hα (Bothun 1994 ). The bottom panel shows the map of the H i column density (Stanimirovic et al. 1999 (Stanimirovic et al. , 2000 . For N(H i) the scale is from 0 to 1.03 × 10 22 atoms cm −2 . The maps are aligned in the world coordinate system (North is up, East is to the right), and have the same size (∼3
• × 3 • ). Sk 191 is situated outside the lower left corner of the map. The SMC wing and bar region are indicated schematically in the bottom panel. Cox & Spaans 2006) . Within the SMC different regions can be distinguished such as the SMC bar, an active star forming region, and the SMC wing (Caplan et al. 1996) , which is a more quiescent environment associated with modest star formation and less Hα emission. This suggests an environment more protected from the harsh UV field compared to that in the SMC bar (Fig. 1) .
The Galactic extinction curve is well described by the extinction law of Cardelli et al. ( , 1989 , including the prominent 2175 Å feature. Four out of about 400 Galactic sightlines studied by Valencic et al. (2003 Valencic et al. ( , 2004 show systematic deviations from this extinction law, and are similar to the average, SMC-like extinction law with a weak or absent 2175 Å feature and a steep far-UV rise. Remarkably, these few anomalous Galactic sightlines that sample dense, molecule-rich clouds, produce significantly weaker DIBs than sightlines with similar reddening and standard UV extinction curves (e.g. HD 62542, Ádámkovics et al. 2005 ; HD 29647, Cardelli & Savage 1988) .
The identity of the DIB carrier(s) remains unknown (see reviews by Herbig 1995; and Sarre 2006) , but the current perception is that (electronic) transitions in (possibly charged) organic molecules, e.g. stable aromatic molecules such as PAHs (Van der Zwet & Allamandola 1985; Leger & D'Hendecourt 1985; Crawford et al. 1985) , fullerenes (Foing & Ehrenfreund 1994 Leger et al. 1988) or tubular PAHs (Zhou et al. 2006) are responsible for the several hundred absorption lines (i.e. DIBs) detected in reddened, early-type star spectra. The DIB strength (per unit reddening) seems to depend strongly on the properties of the UV radiation field and possibly also on the shape of the extinction curve. The effect of effective penetration of the UV field is often referred to as the "skin"-effect (Herbig 1995; Cami et al. 1997) . The UV-shielded and UV-exposed environments are often termed ζ and σ type clouds, respectively. To further substantiate the relation between DIBs and the (local) environment of the DIB carriers, we have initiated a research program to measure DIB properties in various interstellar environments.
Previous SMC studies have focussed primarily on the 4430 Å DIB, albeit with limited success (Hutchings 1966 (Hutchings , 1980 Houziaux et al. 1985; and Nandy et al. 1990 ). Only recently were the first narrow DIBs unambiguously detected in the SMC wing toward the star AzV 456 (Ehrenfreund et al. 2002) , and along several SMC bar sightlines (Welty et al. 2006 ). The extinction curve in the former SMC sightline is "anomalous" in the sense that it is similar to the average Galactic extinction curve. This observation provides strong motivation for the study of other linesof-sight in the SMC to investigate further the relation between the DIB spectrum and the extinction curve.
In this paper we present high-resolution spectra of targets in the SMC wing and bar obtained with the Very Large Telescope (VLT) and the Ultraviolet-Visual Echelle Spectrograph (UVES) (Sect. 2). We then first describe the near-IR to far-UV extinction curve (Sect. 3). In Sect. 4.1 we present the observed spectra and the search for DIBs in six SMC lines-of-sight. If DIB carriers are indeed carbonaceous molecules in the gas-phase, then it is expected that they coexist with atomic and small molecular species in diffuse interstellar clouds, and are therefore likely to be affected by the same local physical and chemical conditions. The dust and gas properties are considered in Sects. 4.2 and 4.3 based on the extinction and atomic line transitions, respectively. Related properties, such as atomic line ratios and the gas-to-dust ratio are also derived. In Sect. 5 we review the properties of the interstellar gas, dust and diffuse bands in the SMC lines-of-sight and discuss the behaviour (presence/absence) of the DIBs in the context of the local physical conditions of the ISM. In conclusion we present two possible scenarios for the absence/depletion of DIB and 2175 Å bump carriers in the SMC bar (Sect. 6).
Observations and data reduction
High-resolution spectra were obtained of seven SMC targets ( Fig. 1) Sanduleak (1968 Sanduleak ( , 1969 AzV 18, AzV 214, AzV 398, AzV 65 and AzV 242. The spectra were obtained in service mode with image slicer #1 in the standard UVES setting 390+564. The image slicer chops the observed point source into three slices, each with a width of 0.7 resulting in a resolving power of about 50 000 in the blue arm and 60 000 in the red arm. The airmass was about 1.5 for all exposures, and the seeing ranged from 0.66 to 1.3 for the different exposures. Observational details and target properties are listed in Table 1 . The data were reduced using the UVES-pipeline (version 2.0.0) within the MIDAS data reduction package (version September 2003) . This package provides echelle spectroscopic reduction routines specifically tailored to UVES data. Selected calibration frames (ThAr arc lamp, bias and flatfield exposures) were given as input to the calibration routine (prep/caldb) and corresponding output frames and tables were used to reduce the science frames with the optimal extraction routine contained in reduce/uves. The orders were individually extracted. To correct for a residual ripple in the image slicer spectra, which is not removed by the flat field exposure (Dekker et al. 2003) , it is necessary to divide the spectrum of the program star by that of the non-reddened comparison star which should preferably be observed at similar conditions (airmass and seeing). Besides (partly) removing the fringe/ripple pattern it simultaneously removes most telluric lines as well. Unfortunately, the signal-tonoise of the resulting spectrum is then reduced by as much as a factor 2 using the available comparison star spectra.
SMC extinction curve: the 2175 Å UV bump and the far-UV rise
The extinction curve is a measure of the wavelength dependent attenuation of photons by dust particles, and provides information on the composition and properties of interstellar material along different interstellar sightlines (e.g. Mathis 1990; Draine 2003) . One of the most prominent features is the 2175 Å bump; recent studies indicate that it can be attributed to amorphous and hydrogenated amorphous carbon (Mennella et al. 1998; Dartois et al. 2004; Dartois et al. 2005) . Fullerenes (Iglesias-Groth 2004) , defective carbon onions (Tomita et al. 2004 ) and PAHs (Duley & Lazarev 2004) have also been proposed to explain the 2175 Å feature.
For the SMC bar lines-of-sight the interstellar extinction curve is characterised by a very weak 2175 Å bump (2 to 3% significance for the bump detection, which could also be introduced due to small differences in the Galactic foreground dust between the reddened and the comparison star), and the presence of a strong far-UV non-linear rise (e.g. Rocca-Volmerange et al. 1981; Bromage & Nandy 1983; Prevot et al. 1984; Gordon & Clayton 1998; Gordon et al. 2003; and Cartledge et al. 2005) . The weakness of the 2175 Å feature in the SMC bar could point toward a harsh environment that triggers the destruction of (carbonaceous) dust into smaller grains or molecules. These would absorb photons at short wavelengths, resulting in increased extinction in the far-UV . The SMC-wing lineof-sight AzV 456 does show the 2175 Å bump, and a weak far-UV rise, comparable to typical Galactic sightlines. Clayton et al. (2003) fitted dust models to both the SMC bar and SMC wing extinction curve and found that for the latter case their model required a high fraction (even greater than 1) of the available cosmic carbon and silicon. Using additional far-UV extinction observations Cartledge et al. (2005) find the required carbon abundance to be 44% and 19% of the available carbon (constrained by the gas-to-dust ratio and the "cosmic" abundance) in order to reproduce the extinction curves toward AzV 456 and AzV 18, respectively. The fraction of amorphous carbon is Gordon et al. 2003; Cartledge et al. 2005) , and Galactic extinction curves corresponding to R V = 2.7, 3.1 and 4.1. Also shown is the Galactic SMC-like extinction curve toward HD 62542. similar in both, but the graphite fraction is a factor of six smaller in the latter. Both extinction curves require graphite and amorphous carbon as well as astronomical silicates. This indicates an underestimated metal abundance in the line-of-sight toward the SMC wing, which is supported by the lower gas-to-dust ratio. In Fig. 2 we show the extinction curves for the observed reddened targets as published by Gordon et al. (2003;  see also earlier work by Rocca-Volmerange et al. 1981; Bromage & Nandy 1983; Prevot et al. 1984; and Gordon & Clayton 1998) .
Within the Galaxy a few regions show a SMC-like extinction curve (Valencic et al. 2003; Clayton et al. 2000; Sofia et al. 2005) . The high far-UV extinction in these clouds may shield the molecules, e.g. fullerenes and PAHs, from both photodissociation (Mathis 1990) , and perhaps also photoionisation (Jenniskens et al. 1992 ). However, these Galactic clouds have higher densities as well as higher extinction compared to those observed in the SMC with their low density, low reddening/extinction, and low metallicity/high gas-to-dust ratios. Cardelli & Savage (1988) present two of these exceedingly anomalous Galactic interstellar extinction curves in the direction of HD 62542, a line-of-sight associated with a dark cloud in the Gum nebula region, and of HD 29647 in the Taurus dark cloud. The dense region that gives rise to the extinction observed toward HD 62542 is exposed to both intense UV radiation and stellar winds from ζ Pup and the γ Vel system. Strong shocks are undoubtedly also affecting the grains in this region.
HD 62542 shows weak DIBs, for example the 5780 and 5797 Å DIBs are respectively 1.5 and 4 times weaker per unit reddening than for the ζ-type line-of-sight toward HD 149757 (Snow et al. 2002; Ádámkovics et al. 2005; and Table 9 ). Adamson et al. (1991) show that also HD 29647 displays a weak DIB spectrum for the amount of reddening. They suggest that the relative weakness of these DIBs is driven by changing grain properties rather than by suppression of the UV radiation field.
It is interesting to note that this absence of DIB carriers (absent or very weak DIBs) in both Galactic and SMC sightlines is suggestively linked to the shape of a peculiar extinction curve (e.g. with a weak 2175 Å bump and a steep far-UV rise) found both in the Galaxy and in the SMC. Furthermore, Galactic DIB strengths are detected in the one SMC line-of-sight which shows Galactic-type dust extinction (Ehrenfreund et al. 2002; Welty et al. 2006) . We return to this discussion in Sect. 5.
The SMC ISM: DIBs, dust and gas

Diffuse interstellar bands
We first discuss the detection and non-detection of DIBs toward five reddened SMC targets, and measure their properties, such as their strength (i.e. equivalent width) and their central or peak absorption velocity/wavelength.
Here we describe in detail the new SMC spectra as well as those reported briefly by Ehrenfreund et al. (2002) and combine our data with the results obtained by Welty et al. (2006) for other sightlines. In the final reduced 3-pixel smoothed data we searched for the following strong and narrow DIBs: λλ 5797, 5849, 6196, 6379 and 6613. In addition we searched for the two strong broad DIB λλ 5780 and 6284.
In Fig. 3 we show the observed targets for each spectral range covering the seven DIBs at 5780, 5797, 5849, 6196, 6284, 6379 and 6613 Å. For comparison we show two Galactic lines-of-sight that are often taken as typical cases for the skin effect. The lineof-sight toward HD 149757 (ζ Oph) is characterised as a typical shielded environment, while the line-of-sight toward HD 144217 (β 1 Sco) is the prototype of a UV-exposed environment. AzV 456 resembles more a ζ-type Galactic line-of-sight (Sect. 5).
In Table 2 we report the detection of six DIBs in the line of sight toward AzV 456, as well as upper limits for these DIBs toward the other SMC (bar) targets. The equivalent widths (EW) were determined by applying a straight line continuum definition and integration of the DIB profiles. The error in EW is defined as σ(EW) = 2 × FWHM DIB × σ noise , taking 2 × FWHM DIB as the range of integration and σ noise as a measure of the statistical noise per bin of the adjacent normalised continuum. The upper limit for the EW of non-detected DIBs is EW upper = 2 × σ noise × FWHM DIB , where FWHM DIB is the value measured toward AzV 456 and σ noise is the statistical noise per bin in the corresponding DIB spectral range.
Galactic DIBs correlate well with reddening, i.e. with the dust column density. In Fig. 4 we plot the (upper limit) equivalent widths of the λλ 5797, 6196, 6379, 6613, 5780 and 6284 DIBs versus the SMC reddening (see Sect. 4.2.1). In addition, we include DIB measurements for the sightlines toward HD 62542 (SMC like extinction law; Fig. 2 ) and the galactic relationships for σ and ζ type sightlines (where available). Welty et al. (2006) conducted a similar search for DIBs in (different) SMC bar sightlines, and report 5780 Å DIB equivalent widths of about 20 mÅ toward 5 targets, and 5797 Å DIB equivalent widths of less than 10 mÅ toward 2 targets. Only for AzV 476, located well outside the SMC bar, near AzV 488, stronger bands are observed. Equivalent widths are 50 ± 11 mÅ, 21 ± 5 mÅ and 95 ± 25 mÅ for the 5780, 5797 and 6284 Å DIBs, respectively (see DIB is detected toward AzV 78, situated in the bar, near AzV 18. Measurements of DIBs toward AzV 456 are consistent with our previous results (Ehrenfreund et al. 2002) and those in this work. 
Dust
Reddening
The number and size distribution of interstellar dust particles in a line of sight is directly related to the amount of reddening toward the target star. The reddening E B−V of a line-of-sight is defined as the observed colour (B − V) minus the intrinsic colour (B − V) 0 of the observed star. This requires an accurate determination of the spectral type of the observed star. Recently, the literature has converged to yield a consistent spectral classification of many SMC targets (e.g. the large 2dF survey of the SMC by Evans et al. 2004b) . Since the spectral type is relevant for the determination of the reddening we studied the photospheric spectra. The spectral range between 4000 and 4500 Å was compared with previously published spectra of the same target (e.g. Nandy et al. 1990; Lennon 1997 ), or if not available, to stellar spectral catalogues (e.g. Evans et al. 2004c ). For all spectra we found excellent agreement, and therefore adopted the published spectral types. The often used "stellar" classification spectral range from 4005 to 4500 Å (e.g. Walborn 1977) is shown in Fig. 8 (Online only) for the stars observed in Period 71. In addition, before a comparison between DIB results and SMC reddening can be made, an estimate of the contribution to the total observed E B−V by the foreground Milky Way material is required. The Galactic foreground reddening toward the SMC is estimated to be about 0.05 ± 0.01 mag by Bessell (1991) who (re)evaluated previous studies by Azzopardi & Vigneau (1977) , Schwering & Israel (1989) , Walraven & Walraven (1977) , McNamara & Feltz (1980) and Feast et al. (1960) . These values are consistent with the Galactic extinction as derived by Drimmel et al. (2003) in the direction of the SMC, i.e. E B−V = 0.04-0.06 mag, as well as with the H i maps by Stanimirović et al. (1999 Stanimirović et al. ( , 2000 Stanimirović et al. ( , 2004 . The foreground Table 2) . The diamond ( ) shows the DIB strengths observed toward the depleted translucent cloud HD 62542 (E B−V = 0.35 and SMC-like extinction curve). The σ and ζ DIB strength relations reflect the skin-effect (e.g. the destruction of the λ 5797 DIB and the excitation of the λ 5780 and 6284 DIB carriers due to a strong effective UV field).
reddening contribution (adopted value E B−V = 0.04 mag) is then subtracted from the observed reddening for the line-ofsight toward the SMC target. The reddening can also be inferred from the observed atomic sodium column density using N(Na i) = 1.7 × E B−V 1.8 (Hobbs 1974a ). The resulting values for E B−V are significantly higher than those assumed for the average SMC foreground extinction. The different foreground and SMC reddening estimates are given in Table 1 , with the final adopted E B−V due to the SMC dust given in Table 6 .
Total-to-selective visual extinction
For Galactic sightlines the ratio of total-to-selective visual extinction R V provides a parameter to determine the shape of the extinction curve from the IR to the far-UV. R V is thus indicative of the size distribution and composition of the interstellar grains in the line-of-sight. R V can be derived from the infrared colour excess, which is inferred from the observed colours and the intrinsic colours (e.g. Fitzpatrick 1999; Massa & Fitzpatrick 2003) . For four targets R V values have previously been derived from infrared JHK photometry or Cartledge et al. 2005 ; Table 6 ). For the two reddened targets (Sk 191 and AzV 65) not included in previous studies the R V values were computed with JHK photometry from the 2MASS catalogue (Cutri et al. 2003) , and subsequent colour excesses (adopting different reference "intrinsic" photometry for corresponding spectral types), applying the relationships derived by Fitzpatrick (1999) . Table 7 (online only) gives R V for different intrinsic colours and spectral types adopted. The final (averaged) R V for Sk 191 and AzV 65 are given in Table 6 . Note that for AzV 65 the scatter is large due to uncertain spectral classification, and skewed toward higher R V . For the remainder of this paper it is assumed that the real extinction curves for these two sightlines are similar to those observed for the other SMC bar lines-of-sight. It is known that the extinction curve derived from IR photometry alone underestimates the real far-UV extinction observed in LMC and SMC lines of sight (Misselt et al. 1999; Gordon et al. 2003) . Gordon et al. (2003) argue for a new parameterisation of the ISM characteristics in external galaxies. Therefore, the meaning of R V (i.e. as a grain size indicator) in the SMC may be different from that in the Milky Way. R V is used to derive A V from E B−V (Table 6 ).
4.3. Interstellar gas: atomic and diatomic species 4.3.1. Column density profiles
To gain insight into the structure and conditions of the SMC interstellar medium we examined the interstellar line profiles produced by atomic transitions of the gas phase species Ti ii, Ca ii, Na i, K i and H i. For the respective atoms we constructed apparent column density velocity profiles (Sembach et al. 1993; Savage & Sembach 1991; Joseph & Jenkins 1991; Jenkins 1996) ; we followed an approach similar to that for sightlines observed toward the LMC . The sodium and calcium column densities were corrected for saturation (Table 3 Fig. 5 . The apparent column density profiles for the other sightlines are shown in Fig. 6 . Column densities for the total profile can be obtained by simple integration, across the appropriate velocity interval, of the total profile (Tables 3 and 8 ; Online). A difference between the total column density for the two doublet transitions, if exceeding the statistical error of about 0.02 dex, indicates the presence of saturated components. The column density profiles show that, as expected, the neutral species reside in the narrowest components, while the ionised species are more broadly distributed (in velocity space). The weakly reddened sightlines toward the reference stars AzV 242 and Sk 191 display, as expected, little atomic gas at SMC velocities.
Figures 5 and 6 show the presence of Galactic foreground material (v ≈ 0-50 km s −1 ). Values for Galactic column densities are given in Table 8 (Online only). For some sightlines Welty et al. (2006) . The reported high upper limits for the 5780 Å are due to the lower signal-tonoise in the spectral range and its larger FWHM. The DIB spectral ranges are plotted in Fig. 3 (Stanimirović et al. 1999; Kim et al. 2003; Staveley-Smith et al. 1997 . These profiles nicely show the "2-component" SMC structure as visualised by Stanimirović et al. (2004) . When comparing the 21 cm neutral hydrogen velocity profile with that of the other atomic species it is important to note that it is not possible to discern between material (with a same radial velocity) situated in front or behind the observed star. Therefore, the neutral hydrogen in the line-of-sight corresponding to the atomic species is, in principle, more accurately measured in the Lyα line, than through the 21 cm radio velocity profile. Thus for calculation of the gas-to-dust ratios we use N(H i) and A V derived by Gordon et al. (2003) and Cartledge et al. (2005) ( Table 4) . For the two targets with no available Lyα profiles we adopt the 21 cm H i column density (intergrated over the SMC ISM velocity range), corrected for beam filling by a factor of 0.75 ± 0.25 (Table 4 ; see Danforth et al. 2002) . Table 4 also lists for comparison other literature values for N(H i) (Bouchet et al. 1985; Fitzpatrick 1985; and Evans et al. 2004a) and for N(H 2 ) (Cartledge et al. 2005 ).
Weak (di)atomic transitions toward AzV 456
In addition to the diffuse interstellar bands the line-of-sight toward AzV 456 also reveals the CH molecule transition at 4300.3 Å, and the Ca i line at 4226.7 Å, for which we derive column densities log N = 13.40 and < ∼ 9.85 cm −2 , respectively. The CH + (4232.548 Å) line is not detected, yielding an upper limit of log N < ∼ 12.05 cm −2 (Table 5 ; Fig. 7 ). In addition, we show the transitions of the K i UV doublet (4044.136, 4047.206 Å) and the Na i UV doublet (3302.37, 3302.98 Å). From the K i UV line equivalent width we derive log N(K i) = 12.7 and 12.6 cm −2 , respectively ( Table 5 ). The Na i UV lines yield log N(Na i) = 13.4 and 13.6 cm −2 , respectively (Table 5) . These values clearly indicate the strong saturation of the Na i D doublet lines. We searched the red spectra of AzV 18 for C 2 Philips (2-0) bands in the spectral range 8750-8780 Å, but these lines are too weak to detect if present. The presence of diatomic molecules is indicative of a complex chemistry in the diffuse medium toward AzV 456.
Atomic line ratios
The Routly-Spitzer effect (Routly & Spitzer 1952; Siluk & Silk 1974) predicts that the relative amount of Na i with respect to the amount of Ca ii, in the gas phase, provides information on the amount of Ca ii liberated from dust grains into the gas phase.
In this scheme a lower ratio arises in a more disruptive/turbulent environment with increased grain destruction. On the other hand, a higher ratio is evidence for a more quiescent environment. From the N(Na i)/N(Ca ii) ratios observed in this work ( Table 6) we conclude that, given the above presumption, the cloud in the line-of-sight toward AzV 456 is (relatively) quiescent, and the Table 5 and Fig. 7 ).
Note the very weak Ti ii and weak Ca ii profile. dissipation (Falgarone et al. 1995; Spaans 1995) and its absence is only expected for quiescent gas. Previous studies show that the relative, though not the absolute, depletion levels of heavy elements are constant throughout the SMC (see Sect. 5). Since Ti ii is the dominant ion in the diffuse ISM (IP Ti i = 6.828 eV and IP Ti ii = 13.576 eV) a change in the ratio N(Ti ii)/N(Ca ii) is then caused mainly by a change in the ratio N(Ca ii)/N(Ca iii) (i.e. the ionization level; IP Ca i = 6.113 eV and IP Ca ii = 11.872 eV), the relative total levels of titanium and calcium being equal, which is directly governed by the strength (i.e. total energy flux of UV photons) and/or the hardness (the ratio of high versus low energy photons in the UV field) of the UV radiation field. Thus, a higher ratio of Ti ii over Ca ii can indicate a stronger UV radiation field. Hunter et al. (2006) found N(Ti ii)/N(Ca ii) ∼ 0.3 with little variation over a large range of distances and column densities, consistent with the calcium ionisation balance controlled by the ISRF. The SMC ratios we find are substantially higher (∼0.8-1.0; Table 6 ), except for AzV 456 (∼0.45), thus indicating a shift in the ionisation balance due to the stronger ISRF observed for the SMC. For the observed targets this suggests that the effective UV fields toward AzV 18, AzV 65, Sk 191 and AzV 214 are similar, and somewhat stronger than those toward AzV 398 and AzV 456 (Table 6) .
Thus a quiescent, shielded environment exists in the ISM toward AzV 456 and Sk 191, whereas a more turbulent, UV exposed environment is observed for the SMC bar ISM.
Interstellar gas, dust and diffuse bands in the SMC
The SMC wing has a modest star formation rate (weaker Hα emission), and is more protected from the harsh UV field than the diffuse medium in the SMC bar, an active star formation region. The average interstellar radiation field (ISRF) inferred for the SMC is 4 to 10 times stronger (in units of the standard ISRF) than that of the Solar neighbourhood (Lequeux 1979; Vangioni-Flam et al. 1980; Azzopardi et al. 1988; Bot et al. 2004 ). The molecular hydrogen fractions and H 2 level populations observed for SMC & LMC diffuse sightlines (by e.g. FUSE) are, on average, in line with an ISRF ≥ 10 times the standard (Galactic) ISRF (Browning et al. 2003; Lee et al. 2007 ). Another difference between Galactic, SMC wing and SMC bar sightlines are their respective gas-to-dust ratios. Table 6 ) is an indicator of the level of dust shielding. If possible, it is more accurate to include H 2 to obtain the total gas-to-dust ratio (Table 9 ; Online only). On a galaxy-wide scale the gas-to-dust ratio is a good indicator of metallicity (e.g. Issa et al. 1990 ). The gas-to-dust ratio (N(H i)/A V ) is about ten times higher in the SMC (dust-to-gas factor ten times lower), with the exception of AzV 456 for which the gas-to-dust ratio is only two to three times higher. The SMC gas-to-dust ratio inferred from 170 µm and H i (21 cm) maps is about 30 times that of the Galactic gas-to-dust ratio (Bot et al. 2004 ). Gordon et al. (2003) found that if N(H i)/A V decreases, the bump-strength increases and the UV rise decreases. The variation in the gas-to-dust ratio may thus reflect a change in balance of dust destruction and formation processes (accretion on dust grains) between the diffuse medium and denser/molecular clouds. This may also have affected the DIB carriers. The integrated gas-to-dust ratio depends on the relative fraction of matter in diffuse/dense components and on the supernova rate, and thereby on the star formation history (e.g. Hirashita 1999 ).
The atomic gas-to-dust ratio (approximated by N(H
The depletion level of heavy elements in SMC dust is lower than expected from the overall metallicity (Dufour 1984 ; Table 6 . Reddening, total-to-selective extinction, visual extinction, atomic column density ratios, and gas-to-dust ratios for sightlines in the SMC.
A higher Na i/Ca ii ratio implies less Ca ii liberated from dust grains by destructive processes and thus a more quiescent environment. A lower ratio thus indicates a more turbulent medium where dust grains are destroyed and Ca ii is released into the gas phase. The Ti depletion level δ Ti gives a measure of the lock up of the refractory ion in grains. A higher Ti ii/Ca ii ratio indicates a stronger/harder UV field. E B−V is corrected for foreground reddening. R V for AzV 65 and Sk 191 from Table 7 , other values for R V (and A V ) from Gordon et al. (2003) .
ID
AzV 456 2.05 ± 0.17 3.30 ± 0.38 2.40 ± 0.30 3.14 ± 0.34
2.19 ± 0.23 2.90 ± 0.42
0.54 ± 0.06 0.55 ± 0.08 0.35 ± 0.05 0.68 ± 0.11 ∼0.22 ∼0.16
0.57 ± 0.08 0.49 ± 0.11 (Stanimirović et al. 2004 (Stanimirović et al. , 2000 (Stanimirović et al. , 1999 Staveley-Smith et al. 1997, see Sect. 4.3; [4] log (Ti/H) = −6.9 (Asplund et al. 2005) . log δ Ti = log [N(Ti)/N(H)] − log (Ti/H) .
Sauvage & Vigroux 1991). Welty et al. (2001) suggest that Si and Mg are undepleted in the SMC. Conversely, Sofia et al. (2006) find that these elements are depleted from the SMC ISM by similar levels in both the wing and bar regions, but the levels of depletion were not well determined. The depletion patterns appear similar to those observed in the Galaxy (e.g. Vladilo 2002 ). Unfortunately, depletion levels for interstellar carbon are currently not available. However, Prevot et al. (1984) find that in low metallicity environments, like the SMC, the number density of carbon stars is high. Therefore, the abundance of carbon rich stardust could be higher than suggested from other metallicity indicators, such as for example, H ii regions. On the other hand, the high SMC gas-to-dust ratio (10-30 times Galactic; see above) points toward a much more severe deficiency of PAHs than expected solely from the lower heavy element abundance. Except for those regions, like the SMC wing, with a lower gas-to-dust ratio and therefore, through its inverse proportionality, higher metallicity (Z wing ≈ 0.25 Z ). Of course, the fraction of carbon locked-up in PAHs can be different for the SMC and Galaxy.
A lower dust and carbon abundance, and hence lower H 2 formation rate together with a stronger UV field may cause H i to dominate over H 2 even in regions with higher density (compared to the MW). High H 2 density SMC sightlines likely exhibit H 2 formation rates closer to the Galactic value (Lee et al. 2007) , while low density SMC sightlines are expected to have formation rate reduced by factor ten. This suggests that in the Magellanic Clouds H i absorption traces not only diffuse, but also denser clouds, which remain atomic. Indeed, from the FUSE survey of the SMC a total diffuse H 2 mass of M(H 2 ) = 2 × 10 6 M is found, which is less than 2% of the H i mass in the clouds (Thorburn et al. 2003) . This implies a low overall molecular content, high star formation efficiency and/or substantial molecular mass in cold, dense clouds that are not probed by the FUSE survey. In addition, the low H 2 fraction (and thus H 2 formation rate) in the SMC bar might also be directly connected to the lack of diatomic molecules and 2175 Å bump and DIB carriers, as opposed to the SMC wing, which has a high H 2 fraction, where diatomic molecules, 2175 Å bump and DIB carriers are clearly present. DIBs and diatomics are also present in the line of sight toward AzV 476 (Welty et al. 2006) , which is also located outside the bar and shows a high H 2 column density and less strong, ∼2.1 times average Galactic, ISRF. However, no extinction curve/2175 Å bump information is available for this line of sight.
From Fig. 4 and Table 9 we see that the DIB strengths measured toward AzV 456 are similar, with respect to reddening, to those of a Galactic ζ type environment. AzV 456 is also the only SMC line-of-sight that shows Galactic-like dust extinction (both a bump and a weak far-UV extinction). For the SMC bar line-ofsight toward AzV 18, weak 5797 and 5780 Å DIBs are detected and upper limits derived for the DIBs at 6196, 6284, 6379 and 6614 Å. These values show that the DIBs are weak per unit reddening compared to the Galactic relation. Sightlines with very weak DIBs show a similar extinction curve with no bump and a strong far-UV rise (Cardelli & Savage 1988; Fig. 2) . For example, the Galactic target HD 62542 (Sect. 3) shows no bump and weak DIBs but it does have a high H 2 fraction, just as observed for AzV 456. The lack of DIBs in HD 62542 shows that their carrier chemistry is not directly related to "standard" diffuse ISM chemical pathways related to H 2 . The inferred underabundance of the 6284 Å DIB carrier toward AzV 456 is also seen toward the LMC 30 Doradus target Sk-68 135 and is typical for a Galactic ζ-type environment. The ionization balance as probed by the 5780/5797 DIB ratio shows similar values (∼6-8) for the LMC 30 Doradus and the UV exposed Galactic σ-environments. Lower values (∼2) are found for the SMC wing (AzV 456) and the shielded Galactic ζ-environment. For the SMC bar (i.e. AzV 18) we find an intermediate value of ∼3. Welty et al. (2006) found that the 5780, 5797 and 6284 Å DIB strengths (per unit reddening) show no direct trends with the derived local ISRF.
The small particles that give rise to the observed increased attenuation of high energy photons (see Fig. 2 ) ensure that stable gas phase molecules are less susceptible to photoionisation as well as photodissociation. This suggests that even in such a harsh environment a small DIB carrier contribution is expected to survive and to be ionised. In low metallicity environments the decreased carbon abundance and thus complex carbonaceous molecule abundance would give rise to weaker absorption lines, although this is partly compensated by an increase in the ionisation fraction. Recent PDR models of diffuse clouds with SMC type extinction and metallicity suggest that for moderate ambient UV radiation fields a significant fraction of large carbonaceous molecules is ionised (Cox & Spaans 2006) . For stronger UV fields virtually all PAHs/fullerenes are ionised, including even those residing in the cores of diffuse clouds. In this instance, photodissociation processes are likely to become important and may, depending on the exact physical conditions of the cloud, result in a net destruction of small to intermediate size PAHs/fullerenes, i.e. DIB carriers. For the SMC-wing line-ofsight toward AzV 456 calculations show that the relativele high dust-to-gas ratio (e.g. a higher metallicity and thus a higher expected carbon abundance) together with the less efficient attenuation of high energy (ionising) photons, could result in enhanced cation band strengths similar to those observed in Galactic linesof-sight (Cox & Spaans 2006) . Experimental studies and theoretical calculations show that larger PAHs (>50 carbon atoms) are very photo-resistant (Omont 1986; Allain et al. 1996a,b; Le Page et al. 2001; Le Page et al. 2003) and so exist mostly in their cationic form in the diffuse SMC medium.
Grain disruption, either by a turbulent/disruptive medium or harsh UV radiation field, can be an additional important parameter in the formation or destruction of DIB carriers. Table 9 ). The SMC wing and the Galactic σ-type cloud both have intermediate values. The much higher ratio in the Galaxy could be partly due to the higher Galactic dust content and thus easier depletion of calcium from the gas phase onto the grains. The SMC wing environment is more quiescent than in the bar. This is also indicated by the higher level of depletion of titanium from the gas phase.
Summary and conclusion: DIBs, gas and dust in the SMC
In this paper we outlined the properties of the gas and dust in the diffuse interstellar medium of the Small Magellanic Cloud (Table 6) . Diffuse interstellar bands are detected toward the star AzV 456 which is located in the wing of the SMC (Ehrenfreund et al. 2002) . We find upper limits for DIBs in the line-of-sight toward the other five stars, which are all located in the SMC bar region (Fig. 1) . Given the S/N and spectral resolution it would have been possible to (marginally) detect DIBs toward AzV 18, AzV 398 and Sk 191 of similar strength (per unit reddening) to those observed toward AzV 456. The non-detection of DIBs in these sightlines implies that the DIB carriers are relative lower in abundance as compared to the line-of-sight toward AzV 456 (Table 2 and Fig. 4) . Observed equivalent widths of the AzV 456 DIBs are similar, per unit reddening, to those observed toward Galactic ζ type targets ( Table 9 ). The upper limits and measured values (Welty et al. 2006) for DIBs toward AzV 18 indicate reduced DIB strengths per unit reddening by at least a factor 2 to 5. In any case, the SMC interstellar medium can sustain the chemistry that prevails in the Galactic ISM giving rise to the DIBs.
Properties of the dust and (atomic) gas in the lines-of-sight are derived. We computed the total-to-selective visual extinction ratio R V , visual extinction A V and gas-to-dust ratio N(H i)/A V for the sightlines toward the observed SMC targets (Table 6) . Column density profiles are constructed, and total integrated SMC column densties derived, for neutral (Na i, K i) and ionised (Ti ii, Ca ii) atomic species. CH and Ca i transitions are observed in the line-of-sight toward AzV 456.
We infer a quiescent environment toward the wing target AzV 456 and Sk 191, while the SMC bar shows a more turbulent and UV exposed medium.
The sightlines toward the SMC bar stars lack the UV bump and show an excess of very small (silicate) particles and/or PAHs that absorb strongly in the far-UV above 6 µm −1 (Fig. 2) . It is seen that the sightlines with the weak/non-existent UV bump are also those that show no or very weak DIBs. Furthermore, it is striking that the one line-of-sight with a UV bump also shows prominent DIBs.
We identify two possible scenarios for the absence or depletion of DIB and bump carriers; 1) The difference in the shape of the extinction curve and the gas-to-dust ratio in the SMC bar region could be due to grain disruption/destruction, in particular of the carbonaceous 2175 Å bump carrier material, by a strong and hard ambient UV field efficiently penetrating the diffuse gaseous medium (little dust shielding caused by higher gas-to-dust ratio) or by shocks in the diffuse medium, which leads also to an increased destruction rate for the DIB carriers; or 2) The harsh environment may prohibit the formation of bump material as well as DIB carriers, especially if these formation processes require grains, similar to the inferred lower H 2 -grain formation rate in low (molecular) density SMC sightlines (e.g. Lee et al. 2007 ).
Both scenarios depend on the lower metalicity and result in more gas and the formation of smaller units (grains or large molecules) that subsequently absorb and scatter photons of short wavelength, thus giving rise to a steep far-UV rise. In both cases the number of available complex carbonaceous material/molecules (per carbon and/or per hydrogen atom) is reduced.
For the SMC bar, the lower carbon abundance (i.e. inferred via the lower dust-to-gas ratio, the metallicity, the amount of cosmic carbon needed to reproduce the observed extinction curves) and the more efficient attenuation of ionising photons (reducing the ionisation rate) is expected to result in significantly weaker diffuse band strengths. However, this scenario does not entirely explain the observed weak 5780 and 5797 Å DIBs toward AzV 18. This lower abundance of DIB carriers may be a result of enhanced efficiency of (photo)destruction processes.
More accurate determinations of the abundance, or the level of absence, of DIBs in the Small Magellanic Cloud interstellar medium are needed, as well as accurate modelling of cloud temperatures, densities and effective radiation fields, to get a more refined handle on the the effect of local environmental conditions and the formation and survival of the DIB carriers. Additional information on the UV extinction properties of the SMC dust, in particular the 2175 Å bump and the far-UV rise, are required to understand the connection between their carriers and those of the DIBs.
In conclusion, our measurements indicate that the DIB characteristics depend on the local physical conditions and chemical composition of the interstellar medium of the SMC, which apparently determine the rate of formation (and/or) destruction of the DIB carriers. Understanding interstellar carbon chemistry is important to the study of dust formation, gas cooling, and extinction and shielding by dust. If the diffuse interstellar band carriers are carbonaceous molecules their identification would provide an important diagnostic probe of physical conditions and prevailing carbon compounds in the diffuse interstellar medium. 
